An ATPase activity that is completely dependent on DNA is associated with the ATP-dependent DNase (recB-recC enzyme) purified from Escherichia coli.
tion procedure (6) . Poly(dA-dT) and poly(dG dC) were purchased from Miles Laboratories. DNA for the ATPase assay was prepared by the procedure used for DNA labeled with 32p except that it was unlabeled.
Enzyme assays ATP-Dependent DNase. The DNase was assayed by measurement of the acid-soluble radioactivity released from 32P-labeled DNA (1) . The reaction mixture (0.5 ml) contained 12. 5 ,mol of Tris-maleic acid-NaOH buffer (pH 7.5), 5 Mmol of MgCl2, 250 ,qmol of glycerol, 0.5 ,umol of dithiothreitol (DTT), 0.1 qmol of EDTA, 125 nmol of ATP, 15 nmol of 32P-labeled DNA (nucleotide equivalent), 100 /ug of bovine serum albumin, and 0.5-5.0 units of enzyme. In order to obtain reproducible results, [32P ]DNA was sheared by a Sorvall mechanical mixer to a mean molecular weight of 8 X 106 before use. For the standard assay, E. coli DNA was used as a substrate for the DNase. The reaction mixture was incubated for 20 min at 370C unless otherwise specified, and the reaction was terminated by the addition of 0.1 ml of a carrier solution (5 mg/ml of DNA and 10 mg/ml of bovine serum albumin) and 0.5 ml of cold 3.5% perchloric acid.
After 5 min at 0C followed by centrifugation (2000 X g for 5 min), all the supernatant fluid was transferred to a planchet and, after addition of one drop of 5 N KOH, the sample was evaporated to dryness. The radioactivity was measured by a gas-flow counter (Nuclear-Chicago, model 4342). 1 
isobutanol-benzene phase was transferred to a planchet and dried, and the radioactivity was measured with a gas-flow counter.
Purification of the enzyme
All manipulations were at 0-2oC unless otherwise stated. Preparation of Crude Extract. E. coli K12 strain AB 1157 (rec+) was grown in G medium at 370C with vigorous aeration. The culture was maintained at pH 7 by the addition of 2 N NaOH. The cells were harvested during the late-log phase of cell growth (3 X 109 cells/ml). We also tested a few other DNA species, such as poly-(dA-dT), poly(dG-dO), and calf-thymus DNA for their effect on the ATPase activity (Table 3) . From the data obtained, and the presumed constant ATPase/DNase ratio, one can predict the efficiency of these materials as substrates for the DNase activity, which has been difficult to assay because of unavailability of labeled material. The prediction made in this way for poly(dA-dT) was recently confirmed with labeled polymer.
Although there is a strong correlation between ATP consumption and DNA hydrolysis, the exact role of the ATPase activity in the hydrolysis of DNA still remains to be determined. The results presented in this paper favor the idea that ATP is directly involved in the process of hydrolysis of phosphodiester bonds of DNA. However, an alternate possibility is that the ATP is used in the conversion of the DNA structure (whether double-or single-stranded) into a specific transition state that is essential for the DNase action. We are attempting to detect the intermediate complex(es) of the enzyme reaction, such as enzyme-ADP(Pi) or DNA-ADP(Pi) in order to examine the precise role of ATP in the DNase reaction.
The number of ATP molecules consumed for the hydrolysis of one phosphodiester bond of DNA by the enzyme (calculated as about 8-9 in the case of E. coli DNA) seems to be unusually high; the total consumption of ATP molecules would be enormous if the enzyme functions in vivo as it does in vitro, where it displays uncontrolled digestion of DNA. Extensive digestion of DNA, as observed in vitro, is not observed in vivo, except under very unusual conditions such as when a recA-strain is irradiated (9) . Under normal conditions, in vivo, there must be some mechanism to regulate or Denatured DNA was prepared by heating the DNA (300 nmol/ml in 15 mM NaCl-1.5 mM sodium citrate) at 100-C for 10 mmi.
limit the ATP-dependent DNase action on DNA, conceivably mediated by the recA product, so that the digestion of DNA and the total consumption of ATP is kept at a minimum. It is also possible that in vivo the structure of DNA on which the enzyme acts is very much different from that of the substrates that we provide in vitro. Thus, the whole process of ATPase action, as well as DNase action, in vivo may be quite different from those observed in vitro.
The enzymatic characteristics of the ATPase described in this paper are similar to those of the ATPase that is associated with ATP-dependent DNase from Micrococcus luteus (10) , although the biological role of the Micrococcus enzyme still remains to be determined.
